Effect of Lime (Citrus aurantifolia) and Grapefruit (Citrusparadici) Acids and the Storage Conditions on the Characteristics of Gibna Bayda by Ahmed Elhaseen, Hashim
Effect of Lime (Citrus aurantifolia) and Grapefruit   
(Citrusparadici) Acids and the Storage Conditions on the 
Characteristics of Gibna Bayda 
 
By 
Hashim Ahmed Elhaseen Ahmed 
B.Sc. Animal Production, 
College of Veterinary Medicine and 
Animal Production, Sudan University 
of Science and Technology (2005) 
 
 
A thesis submitted in partial fulfillment of the requirements 
for the degree of M.Sc. in Dairy Production and Technology 
 
Supervisor 
 Dr. Osman Ali Osman El Owni 
Department of Dairy Production 
Faculty of Animal Production 
University of Khartoum 
 
March 2012 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
i 
 
 
ϢϴΣήϟ΍ϦϤΣήϟ΍Ϳ΍ϢδΑ 
ϼϬΘγϹ΍ϝ  
 
ϲϟΎόΗϝΎϗ  
ĻŕœĆƔĿŮĄƉƏąƈĿƆĆŸĿśĿƛĆƇŁƄĊśŕĄƎČƈÊŌŃƉƏŁųąŗƉĐƈƇŁƄĄŠĄũŇŦÉŌąƌŅƆƅŔĄƏ`
^ĄƉƏąũŁƄŇŮĿśĆƇŁƄİƆĄŸĿƅĿŘĄŧËœŇžÉƗŔĄƏĄũŕĄŰĆŗÉƗŔĄƏĄŶĆƈČŬŇƅŔąƇŁƄĿƅÉ¿ĄŸĄŠĄƏ
ϞΤϨϟ΍78
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ii 
 
Dedication  
 
I dedicate this study to: 
       My mother, 
           My father, 
             My brothers and sisters, 
       My wife, 
                  My baby Ahmed, 
                    My colleagues,    
                       And       to          all          whom            I     love. 
 
 
 
 
 
 
 
 
                                                                                                
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
iii 
 
 
Acknowledgement  
      Praise to my God who gave me the strength and patience to conduct 
and complete this study. I wish to express my deepest thanks and 
appreciation to my supervisor Dr. Osman Ali Osman El Owni who has 
been orienting me throughout the progress of this work with patience 
and enthusiasm. 
        I would like to express my thanks to my colleagues and staff 
members of dairy laboratory, College of Animal Production Science and 
Technology, Sudan University of Science and Technology. 
       My sincere love to my parents, brothers and sisters for their 
continuous encouragement, help and advice. 
 
 
 
 
 
   Hashim  
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
iv 
 
 
List of contents 
ϝϼϬΘγϹ΍…………………………………………………………………….. i 
Dedication……………………………………………………………….. ii 
Acknowledgment…………………………………………………………... iii 
List of contents …………………………………………………………... iv 
List of tables…………………………………………………………......... vi  
List of figures…………………………………………………………....... vii  
English abstract…………………………………………………………... viii 
Arabic abstract…………………………………………………………... x 
Chapter One: Introduction…………………………………………….. 1 
 Research objective…………………………………………………………. 2 
Chapter Two: Literature review………………………………………. 3 
 2.1. Definition of cheese………………………………………………… 3 
 2.2. Selection of Milk for Cheese-Making ………………………………… 3 
 2.3. Classification of cheese……………………………………………… 3 
  2.4. Type of coagulation………………………………………………….. 5 
 2.4.1. Acid coagulation…………………………………………………… 5 
 2.4.2. Enzyme coagulation…………………………………………………… 6 
 2.5. Ripening process………………………………………………………… 8 
 2.6. Cheese manufacture……………………………………………………. 9 
 2.6.1. Manufacture of acidified cheese……………………………… 10 
 2.6.2. Queso Blanco manufacture………………………………… 12 
 2.7. Chemical composition of cheese…………………………… 13 
 2.7.1.Chemical composition of Sudan white cheese (Gibna Beyda) 13 
 2.7.2.Chemical composition of Queso Blanco–Latin American white cheese 15 
Chapter Three: Materials and Methods……………………………….. 17 
 3.1. Material…………………………………………………… 17 
 3.1.1. Source of milk………………………………………………… 17 
 3.1. 2. Source of Lime and grapefruit……………… 17 
 3.1.3. Graduated measuring cylinder …………………………  17 
 3.1.4. Filter …………………………………… 17 
 3.1.5. Salt ………………………………………… 17 
 3.2. Cheese manufacture………………………………… 17 
 3.3. Chemical analysis ……………………………………… 18 
 3.3.1. Titratable acidity of the cheese ……………………………….. 18 
 3.3.2 .Total solids content ……………………………………………… 18 
 3.3.3. Protein content…………………………………………………… 19 
 3.3.4. Determination of ash content…………………………………… 20 
 3.3.5. Determination of fat content……………………………………. 20 
 3.4.   Sensory evaluation……………………………………………… 20 
 3.5.   Statistical analysis………………………………………………... 
 
20 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
v 
 
 
 
Chapter Four: Results………………………………………………………………… 
 
 
   21 
Chapter Five: Discussion……………………………………………………………… 36 
Conclusion and Recommendations…………………………………………………… 40 
References………………………………………………………………………………. 41 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
vi 
 
List of tables 
Table 
No  
Table title  Page 
1 Effect of preservation method on chemical composition of lime and grapefruit cheese (Gibna 
Bayda) preserved in whey and refrigerator Mean± SD…………………………………………….. 
 
23 
2 Effect of preservation method and storage period (week) on fat content of white cheese 
made by lime and grapefruit juices………………………………………………………. 
 
24 
3 Effect of preservation method and storage period (week) on protein content of white 
cheese made by lime and grapefruit juices………………………………………………. 
 
26 
4 Effect of preservation method and storage period (week) on total solid content of white 
cheese made by lime and grapefruit juices ………………………………………………                                                                                    
 
27 
5 Effect of preservation method and storage period (week) on ash content of white cheese 
made by lime and grapefruit juices……………………………………………………….. 
 
29 
6 Effect of preservation method and storage period (week) on acidity % of white cheese 
made by lime and grapefruit juices……………………………………………………. 
 
31 
7 Effect of storage period on sensory characteristics of white cheese (Gibna Bayda) made 
by Lime juice…………………………………………………………………………….. 
 
33 
8 Effect of storage period on sensory characteristics of white cheese made by Grapefruit 
juice…………………………………………………………………………………… 
 
 
34 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
vii 
 
Appendix 
Figures 
No 
 
Appendix title 
 
Page 
 
1 
 
Sensory evaluation sheet for lime and grapefruit cheese…………………… 
 
49 
     2     Effect of preservation method on chemical composition of lime (Citrus 
aurantifolia) and grapefruit (Citrus paradisi) white cheese (Gibna bayda) 
preserved in whey and refrigerator…………………………………………         50 
    3  Effect of preservation method and storage period (week) on fat content of 
white cheese (Gibna bayda) made by lime (Citrus aurantifolia) and grapefruit 
(Citrus paradisi) juices …………………………………………           51 
    4 
 
     Effect of preservation method and storage period (week) on protein content 
of white cheese (Gibna bayda) made by lime (Citrus aurantifolia) and 
grapefruit (Citrus paradisi) juices …………………………………………….                                                                              52
    5 Effect of preservation method and storage period (week) on total solid content 
of white cheese (Gibna bayda) made by lime (Citrus aurantifolia) and 
grapefruit (Citrus paradisi) juices…………………………………………. 
 
 
 
53 
       6 Effect of preservation method and storage period (week) on ash content of 
white cheese (Gibna bayda) made by lime (Citrus aurantifolia) and grapefruit 
(Citrus paradisi) juices……………………………………………. 
 
 
54 
 
7 
   
 
Effect of preservation method and storage period (week) on acidity % of 
white cheese (Gibna bayda) made by lime (Citrus aurantifolia) and grapefruit 
(Citrus paradisi) juices………………………………………… 
 
 
 
55 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
viii 
 
Abstract  
This study used acidulation by lime (Citrus aurantifolia) and grapefruit (Citrus 
paradisi) juices to the heated cow’s milk (82ºC) and called lime cheese and 
grapefruit cheese. The average yield of cheese made by lime juice (15%) was 
lower than the average yield of cheese made by grapefruit juice (17%). 
   The results indicated that the protein content of lime cheese stored in the 
refrigerator was higher (19.45%) than the same cheese stored in whey at room 
temperature (16.28%). Similarly, the protein content of grapefruit cheese stored in 
the refrigerator was significantly (P=  0.001) higher (17.03%) than that stored in 
whey at room temperature (13.76%). 
      Protein content of lime cheese stored in whey at room temperature during 
storage periods decreased significantly (P< 0.001) from (18.13%) at week one to 
(16.30%) at week four. However, it was increased from (19.40%) at week one to 
(24.20%) at week four for cheese stored in the refrigerator. Also, it decreased 
sharply in grapefruit cheese stored in whey at room temperature from (17.07%) at 
week one to (16.30) at week four. The samples kept in refrigerator increased from 
(15.97 %) at week one to (21.67%) at week four. 
      Fat content of lime and grapefruit cheeses stored in the refrigerator were higher 
(15.25%) and (11.67%) than those of cheeses stored in whey at room temperature 
(14.58%) and (10.50%) respectively.  
     Total solids content of lime cheese stored in whey at room temperature and the 
refrigerator increased significantly (P< 0.001) from (45.50%) at week one to 
(66.94%) at week four and from (42.77%) at week one to (43.79%) at the fourth 
week respectively. However the TS decreased significantly in grapefruit cheese 
stored in whey at room temperature from (48.01%) at week one to (30.67%) at 
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week four, and to the contrary the TS increased significantly in cheese stored in the 
refrigerator from (55.12%)at week one to (73.26%) at week four.  
The ash content of lime and grapefruit cheeses stored in whey at room 
temperature was significantly higher (0.64%) than those stored in the refrigerator 
(0.50%). The ash content of grapefruit cheese stored in the refrigerator were 
significantly (P<0.001) higher (0.74%) than those of cheese stored in whey at room 
temperature (0.42%).  
       Acidity of both lime and grapefruit cheeses stored in whey at room 
temperature and refrigerator increased significantly (P<0.001) with the increase of 
storage time. 
        Statistical analysis ofsensory evaluation showed that the use of lime and 
grapefruit juices as coagulants has altered the content of Gibna Bayda.  
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Chapter One 
Introduction 
     The main domestic animal species in the Sudan are cattle, sheep, goats and 
camels. Their numbers are estimated to be 141.9 millions heads; cattle 
populations 41.8 millions, whereas the population of sheep, goats and camels 
are 52.1, 43.4 and 4.6 millions heads, respectively (MARF, 2010).  
     Gibna Beyda, like most other cheeses, is coagulated using rennet as a 
coagulating agent. Other types of cheese may also be made using a combination 
of heat and acid as a coagulating agent. A type of cheese made by this process is 
called Queso Blanco; it is an important domestic white cheese in all parts of 
Latin America. Nana et al. (1995) evaluated the textural properties of Queso 
Blanco-type cheeses variously made using acetic, lactic, and citric acids. It is 
made with organic acid, without adding any starter culture. Glacial acetic acid is 
the most often used coagulating agent, although phosphoric, citric and lactic 
acids have been used. Lemon juice may also replace the glacial acetic acid in 
manufacture (Kosikowski, 1982). 
       The acid coagulation, which is reached by lactic acid bacteria, which 
convert the lactose of the milk into lactic acid resulting in decrease of the pH of 
the row milk from 6.7 to 4.6 and at pH 4.6, the lactic acid effects the casein 
which starts coagulating. According Abdalla et al., (2001) the factors affecting 
acid coagulation are related to dissolved calcium salts, acidity, temperature, 
quantity of rennet and the heat treatment. 
   Sudanese white soft cheese (Gibna Beyda) is the most common cheese in 
Sudan. It has a strong odor and taste (Abdel Razig, 1996). It is made from raw 
or pasteurized whole milk, skim milk or reconstituted milk depending on natural 
lactic acid bacteria; no starter is used and coagulated by rennet enzyme. It is 
salted by adding sodium chloride directly to milk (Abdel Razig, 1996). 
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Ϯ 
 
The objectives of the study work are to study the effect of direct   
acidification using natural acidifiers of different citrus fruit juices extracted 
from lemon, orange and grapefruit on the chemical and microbiological 
properties. Cheeses are groups of fermented milk products, which are processed 
from raw milk (Abdel Razig, 1996). 
Research objectives 
1-   Production of Sudanese white cheese with lime and grapefruit juices. 
2- Determination of chemical composition of lime and grapefruit cheeses and 
comparing the two types of acid cheese. 
3- Determination of the effect of preservation method and storage period on 
chemical composition of lime and grapefruit cheeses. 
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Chapter Two 
Literature Review 
2-1 Definition of cheese:  
    Cheese is the fresh or matured product obtained after coagulation and 
draining of milk, cream, skimmed or partly skimmed milk, buttermilk or a 
combination of some or all of these products (FAO/ WHO, 1973).  
     FAO/WHO (2000) described cheese as the fresh or matured product 
obtained by draining the whey (the moisture or serum of the original milk after 
coagulation of casein) and is produced by selective microorganisms or by 
enzymes resulting in curd formation. 
2-2 Selection of milk for cheese-making:  
     Le Jaouen (1987) suggested that for good cheese making, milk must 
meet the following criteria:     
      1.  It must be free of any visible impurity, 
      2.  It must not have any abnormal taste or odor.  
3.  Its pH must be 6.6 or only slightly higher than at milking time.    
4.  The naturally occurring lactic acid producing bacteria and yeasts or 
the         starter culture bacteria must be able to survive and reproduce to 
the proper number in the milk.    
5. The milk must contain no foreign substances such as antibiotics, 
antiseptics and cleaning products.   
6. The milk must not be contaminated by either pathogenic microorganism
           which many prove undesirable for the production of cheese. 
2-3 Classification of cheese: 
The criteria for classifying cheese depends on the type of coagulation, type 
of cheese making (industrial or farmstead), cheese-making technique, method 
shape, geographical origin, mixed milk content, exterior aspect (color moulds), 
consistency (soft or hard) and current legislations (Le Jaouen, 1987). Penfield 
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and Campbell (1990) reported that the moisture content of hard cheeses and 
semi-soft cheeses to be in the ranges of 30-40% and 50-75%, respectively. 
      Spreer (1995) stated that cheese can be classified according to:  
1-   Type of cheese (rennet, rennet acid, acid curd, and processed). 
2-   Type of milk (cow, sheep, goats and buffalo). 
3-   Chemical composition. 
4- Type of whole formation. 
5- Surface characteristics.  
Potter and Hotchkiss (1995) showed that the basic types of cheese evolved 
as products of different types of milk, regional environmental conditions, 
accidents, and gradual improvement by trial and error. There are over 800 
names of cheeses, but many of the names described similar products made in 
different localities or in different sizes and shapes. Of these, however, only 
about 18 are distinct types of natural cheeses, reflecting the different processes 
by which they are made. They also noted the means of classifying the types and 
important varieties of cheeses. It is based largely on the textural properties of 
the cheeses and the primary kind of ripening. There are hard cheeses, semi-hard 
cheeses and soft cheeses depending on their moisture content and they may be 
ripened by bacteria or moulds, or they may be unripened. The bacteria may 
produce gas and so form eyes as in the case of Swiss cheese, or they may not 
produce gas as in the case of cheddar and so no eyes are formed. 
Walstra et al. (1999) suggested that the classification could be based on 
water-protein ratio instead of the moisture content and on the type of the starter 
culture used instead of heating. 
     The FAO/WHO (2000) classified the type of cheeses according to 
moisture content percentage into hard 49-56% low fat, semi-hard 54-63% 
medium fat, semi-hard 61-69% full fat, soft 67-76% high fat.  
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2-4. Type of coagulation:  
  Coagulation of milk: Milk for cheese production may be clotted with 
acid or rennet or both.  
2-4-1 Acid coagulation  
    Acid coagulation (for cheese making) can be achieved by the addition of 
an organic acid such as citric acid, acetic acid or tartaric acid, high-acid whey or 
through adding starter culture. Lowering of pH may occur at room temperature 
without the addition of acid directly to milk for instance, as in the case of 
cottage cheese. The pH may be lowered on the other hand with the addition of 
acid at temperatures above 80ºC as in the case with Italian Ricotta. The pH of 
milk for cottage cheese must be lowered to 4.6. For Ricotta (above 80ºC) 
lowering the pH to 5.6 is sufficient (Cross and Overby, 1988). When adding 
acid to milk, the calcium and phosphorus are progressively removed from the 
milk until at the Iso-electric point of pH 4.6 when the casein is completely free 
of salts and the caseins coagulate (DeMan, 1999). Microorganisms starters used 
for cheese, buttermilk and sour cream belong to the genus Leuconostoc 
(DeMan, 1999).                      
      An active starter performs 3 important functions in the manufacture of a 
cultured product (Kosikowski, 1982): 
First in “the making” procedure for cheese or cultured milk, there must be 
controlled or regulated acid production by the culture. The extent of acid 
production is extremely important in developing the desired consistency and 
texture. The stability of the calcium-casein complex of milk decreases gradually 
as the acidity increases. In a multiple strain starter, the streptococci convert 
lactose to lactic acid and the acid formed establishes the optimum pH for 
Leuconostoc to convert milk citric acid to diacetyl (Kosikowski and Frank, 
1966).  
A second function of the starter is to produce the desired and characteristic 
flavor.  Flavor results from bacterial enzymatic action on the substrate and the 
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production of metabolic compounds such as lactic, acetic and propionic acids, 
aldehydes, alcohols, esters and fatty acids (Kosikowski, 1982). 
      A third function is the prevention of growth of undesirable microorganisms 
that may have survived pasteurization or contaminated the product from the air, 
equipment and/or personnel. Inhibition is caused primarily by the production of 
lactic acid establishing a pH that is unfavourable to growth. Some strains of S. 
lactics and species of Leuconostoc are known to produce inhibitory substances 
other than acids (Kosikowski and Frank, 1966). 
     Starter culture species include Streptococcus lactis, Streptococcus cremoris, 
Streptococcus diacetilactis, and Leuconostoc dextranicum. Starter cultures may 
comprise a single strain or mixture of Streptococcus with Leuconostac species 
(Webb and Whittier, 1970). Lactic streptococci are homofermentative in nature 
in that they produce lactic acid from sugars in yields ranging from 80– 90%. 
Leuconostic species belong to heterofermentative group of lactic acid bacteria 
which produces acetic acid from fermentative carbohydrate (Webb and 
Whittier, 1970).  
2-4-2 Enzyme coagulation  
Enzymatic coagulates are used in cheese making. Formerly, the clotting of 
milk was achieved primarily by using rennin (calf gastric enzyme, chymosin). 
Rennin acts most effectively at pH 6.7 and a temperature of about 40ºC 
(Bingham, 1975). Rennin coagulates milk without the decrease in pH; this 
property is used in cheese making to coagulate the casein. A smooth elastic gel 
is produced approximately 20-30 minutes after rennet addition (0.2 g rennet per 
kg milk). If liquid rennet is added to milk at pH 6.4, 80% of the clotting activity 
is observed, in most commercial preparations, due to chymosin, while the 
remaining 20% comes from bovine pepsin. However, if the milk pH is higher 
e.g. pH 6.6, the clotting activity due to chymosin increases, while the activity of 
bovine pepsin, markedly influenced by pH, is much reduced (Cross and Overby, 
1988). The industrial preparation of rennin is known as rennet. Industrial rennet 
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can be of animal or vegetable origin. Rennet has two activities in cheese making 
to coagulate the milk, breakdown protein in the cheese and thus contributing to 
the ripening process (Berg, 1988). 
Enzymatic coagulation of milk involves two phases: enzymatic phase and 
gel formation phase. According to Cross and Overby (1988), the gel formation 
is highly dependent upon temperature, much more so the enzymatic reaction it 
proceeds very slowly below 15ºC. Rennin is involved in first phase (enzymatic 
phase) in which a specific bond of k-casein is cleaved to form insoluble para-k-
casein and a soluble peptide (Bingham, 1975). The protecting effect of k-casein 
on the milk colloidal suspension is then lost. In the second phase, a clot is 
formed by the para k-casein and calcium (Cheryan et al. 1975). As soon as k-
casein starts splitting off, the milk micelles start to aggregate as a result of chain  
intermolecular collisions; chains of micelles are first formed which are later 
linked together by more and more bridges, thus progressively forming smaller 
and smaller mesh net. The coagulation of milk through the addition of an 
enzymatic milk clotting agent can be obtained only if ଶା ions are present 
(Cross and Overby, 1988). Heating milk above 65ºC and then cooling it prior to 
treatment with rennin reduces clotting rate and curd firmness. A heat-induced 
interaction between k-casein and ß -lactoglobulin may delay the action of rennin 
on k-casein (Sawyer, 1969).   
    Cheeses can be further more classified according to the applied method 
for coagulation. Fox (1993) explained the coagulation heat agents into rennet, 
acid, heat/acid and concentration/crystallization agents. According to Fox and 
Mc Sween. (1998) casein may be coagulated and recovered as rennet casein by 
treatment of milk with selected proteins (rennet’s). Coagulation can also be 
done by using enzymes found in certain plants, which are found in most areas of 
the Sudan e.g. Solanum incanum (Gubbain) as recorded by (Suleiman et al. 
1988) and Kheir et al. (2011).  
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2-5 Ripening process: 
 Cheese when stored for some time (which may last for weeks, months or 
even years) acquire special desirable organoleptic qualities (texture, aroma and 
flavor) which differ markedly from those of the original milk. This process of 
change is known as ripening. Ripening is the final step in cheese making which 
will “make” or “break” a good cheese. Ripening of cheese takes place usually in 
ripening rooms where temperature, humidity and other factors must be 
controlled differently for each type of cheese (Ihekoronye and Ngoddy, 1985). 
       Le Jaouen (1987) stated that, the factors which the producer wishes to 
obtain and play a role in the ripening process in terms of cheese quality and 
maturation   are: 
1. The temperature, the maximum level, depends on the nature of bacteria.  
2. The moisture content of the cheese and the humidity of the surrounding 
atmosphere. Since a humid environment stimulates microbial development, the 
cheeses with the highest moisture content are the fastest ripening ones.  
3. Ventilation brings the oxygen needed for surface flora activity.  
4. Bacteria need a neutral environment, while moulds need an acidic 
environment.  
5. Salting, an important operation which hinders the development of      
undesirable bacteria; slightly dries the cheese surface causing hardening of the 
cheese.  
    The major reactions in cheese are fat breakdown (Camembert), 
development of gases (holes in Swiss cheese), acids and other flavor 
compounds. Longer ripening processes give richer flavors. During ripening 
there is increase in the acidity of the curd and with whey expulsion. As a result 
of the increase in acidity the para-caseinate will lose part of its calcium, thus 
obtaining a less elastic, more crumbly texture (Berg, 1988). Various enzymatic 
processes based on natural milk enzymes, as well as enzymes produced by the 
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microbial cultures are responsible for the desirable (or sometimes undesirable) 
flavor development. 
2-6 Cheese manufacture: 
    Several different methods for the manufacture of cheese are available, 
but the nature of cheese manufacture has changed rapidly over the few decades. 
Kosikowski and Mistry (1997) claimed that the small local and traditional 
manufacturing with many manual operations has become obsolete and has been 
replaced by sophisticated units with factory style production, although the 
manufacturing varies from one type of cheese to another, still there are common 
steps from the production of all types of cheese.  
     Saeed (1969); Ibrahim (1970) and Bryzgin et al., (1969) mentioned that the 
main reasons for making cheese include: 
 1- To extend the period of availability and market of milk constituents 
where milk is only available seasonally. 
        -To cope with seasonal gluts of products which might otherwise be 
wasted. 
 3- To provide an improved variety of diet and give the consumers wider    
choice in his selection of food. 
        4- To make available to the consumers food –stuffs that would not 
 normallybe available from remote areas growing different types 
of                   products. 
    5- To assist in stabilizing food costs through continuing of supply. 
       6-To provide employment for persons involved in handling, processing  
andmarketing the food stuffs produced. 
 7- Its practical method for preserving milk in a country where no other 
methods of preservation are feasible. 
 8- To improve the utilization of milk constituents. 
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 2-6-1 Manufacture of acidified cheese: 
There are many types of acidified cheese around the world. A lot of 
studies and investigations were preformed on there cheese. Covacevich(1981) 
found that cottage cheese produced by direct chemical acidification was too 
low in moisture content and insufficiently firm in texture unless the direct 
chemical acidification was preceded by fermentation of the milk with starter. 
 Manufacture of Mozzarella cheese by direct chemical acidification takes 
only half the time required for traditional method and uses less rennet, although 
loss of solids in whey may be increased. Direct chemical acidification has also 
been used traditionally in the Latin America for production of white cheese 
(Queso Blanco) and more recently for Ricotta cheese (Covacevich, 1981). 
 Covacevich (1981) reported three types of agents which can be used in 
direct chemical acidification:  
    (i) the acid generating substance gluconolactone, which has been 
employed successfully for cottage cheese but has the disadvantage of high cost 
and slow action. 
    (ii) Mineral acids such as hydrochloric acid (HCl) and phosphoric acid 
   ሺଷସ) which are expensive.  
     (iii) Organic acid such as acetic acid and acid whey. 
Damdinsuren (1980) illustrated the procedure of manufacture of 
Mongolian acidified Byaslak cheese. Byaslak is a sour milk cheese made from 
raw cow's milk, ewes and goat's milk, optionally, after removal of the fat. The 
milk is heated to 80-90°C, and starter, usually Mongolian “tarak” (fermented 
dairy product); Koumiss (sour milk) or acid whey is then added at a rate of 8-
10% with slow stirring. The coagulum is formed within 5-10 minutes, but the 
product is held for further 1-2 minutes to enhance the coagulation of the 
proteins and consolidation of protein particles, which sediment at the bottom. 
The curd is then pressed by 1-5 kg weight. It is pointed out that under the effect 
of heat and acid, both casein and whey proteins are recovered which resulted in 
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increased yield. Byasklak made from raw cow’s milk contains typically 40% 
moisture, and 40% fat on dry matter basis.  It has a pH of 5.6. The cheese has a 
clean lactic flavor and compact structure (Domdinsuren, 1980). 
    Fairly satisfactory chakka, a fresh cheese is made by mixing buffaloes skim 
milk (10% TS) with diluted lactic, citric or hydrochloric acid at 5°C to give pH 
4.8  and warming at 35°C. The coagulation time for this cheese is 30-60 
minutes. Satisfactory coagulation is obtained with 2% glucono and latone 
(GDL) after 30 minutes. The texture of chakka cheese is slightly better with 
cow’s milk mixed with buffaloes milk and is slightly improved by adding 0.2% 
or slightly higher sodium chloride to buffalo’s milk to reduce calcium. 
        In USA, manufacturing of soft pickled cheese from cow´s and goat´s milk 
was described by Dairani et al, (1980). Two lots 20 gallons each of either goat´s 
milk (2.7% fat) or cow´s milk (3.5% fat) was used. Each milk lot was 
standardized to 4.5% fat using each species cream. The milk was then heated at 
145 °F for 30 minutes, salted at 5 or 7%, cooled to 105 °F and coagulated with a 
microbial protease. After cutting, draining and pressing, cubes of cheese were 
pickled in salted whey and ripened at 61 °F up to 90 days. Yield of cheese was 
15.3-17.9% with goat’s milk and 17.6-27.7% with cow´s milk (Dairani et al., 
1980). 
   In USSR, soft un- ripened cheese is made from skim milk which is 
pasteurized at 95°C for 30 minutes and then incubated at 25°C after adding 
lactic acid bacteria until coagulation at pH 4.5-4.3. The curd is then mixed with 
cream, butter, salt, caraway seeds, and colorant and disodium phosphate, while 
heating at 80°C to homogeneous consistency. The product contains 54-60% 
moisture, 30-50% fat on dry basis; 1-2% salt and 1% caraway (Lyubinskas et 
al., 1980). 
Shalygna et al. (1978) reported another method for production of soft 
cheese in USSR. Here acidified cheese is made by standardized pasteurized 
milk cooled for coagulation,ଶ lactic acid cultures and proteolytic enzymes 
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were used. The curd is then cut, mounted and pressed. To reduce processing 
time and improve flavor and quality, the inoculums, a lactic acid culture of 
thermophilic streptococci, is preferably added in an amount of 3-5% of the 
weight of the milk. 
In the direct set method for the manufacture of cottage cheese, the 
chemical acid treatment involves adding phosphoric acid of a special quantity to 
the milk at 2-3°C. The milk coagulates within about 1hr and the coagulum is 
treated in the normal way, the whole process takes 2-3 hr (Hansen, 1979). 
2-6-2 Queso Blanco manufacture 
       Siapantas and Kosikowski (1965) described the processing of Queso 
Blanco (Lemon cheese) as follow: 
· Take fresh whole milk and determine its fat content. If the fat 
content is higher than 3%, standardize the whole milk using skim milk. 
· Transfer the standardized milk to cheese vat, preferably a double 
jacket standard cheese vat, and heat to 82ºC. 
· While the milk is being heated measure out lemon Juice   of pH 
about 2.5 in measuring jar. About 3 ml. of lemon juice should be added 
per 100 ml of milk. 
· Dilute the lemon juice with clean fresh water in the ratio of 1:1 
· When the milk temperature reaches 82 °C, add the diluted lemon 
juice carefully and uniformly while stirring. For even distribution of the 
curd, add in three separate amounts. 
· The curd precipitates almost immediately continue to stir for 3 
minutes after adding the acid and then allow the curd to settle for 15 
minutes.   
· Drain off the whey through cheese cloth. 
· While draining the whey stir the curd to prevent excess matting. 
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· Distribute a total of about 3.5 to 5 kilograms of salt to 100 kg curd 
in three applications. 
· Prepare a cylindrical or square hoop by lining with cheese cloth 
and scoop the salted curd. 
· Press the curd over night at room temperature. 
· Remove the pressed cheese block and cut into blocks of 0.5 or 1 
kilogram. 
 2-7 Chemical composition of cheese:      
 2-7-1 Chemical composition of Sudanese white cheese (Gibna Bayda): 
    Babiker (1987) found the fat and moisture contents of white cheeses 
made from pasteurized milk as 25.3% and 52.30%, respectively. Hofi et al., 
(1976); Nofal et al. (1981) and Abdel Razig (1996) reported that the high fat 
content of the cheese samples stored at room temperature could be attributed to 
the loss of degradation products in the pickling whey. Similarly Alla Gabo 
(1986) studied different samples of Sudanese white cheese purchased from 
different groceries and found that moisture, T.S and protein content are 61.2%, 
38.85%, and 22.6%, respectively.  Nuser  (2001) and Hayaloglou et al. (2005) 
found that total solids decrease during storage period due to proteolytic and 
lipolytic effect of microorganisms on proteins and dissolution of fats into 
pickling. Salama et al. (1983) found the moisture content of cheese decreased 
during pickling, a phenomenon attributed to curd contraction and expulsion of 
whey as a result of acid development. 
In technological studies on Sudanese white cheese (Gibna beyda), Babiker 
(1987) gave the chemical composition of cheeses made from raw milk and 
pasteurized milk at 3 days and ripened for 2 months as follows  moisture  56.60,  
salt% 4.9,  fat% 27.1.                             ,                     
    Abdel Razig and Babiker (2009) and El Owni and Hamid (2008) found that 
the total solids of Sudanese white soft cheese increased during storage period. 
Nuser (2001), Aly and Galal (2002) and Hayaloglou et al. (2005) found that the 
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total solids decreased during the storage period due to proteolytic and lipolytic 
effect of microorganisms on proteins and dissolution of fats into pickling. Zaki 
et al. (1974), Hamid (1998) and Nofal et al. (1981) found that increase in crude 
protein content of the cheese stored at room temperature due to low moisture 
content and high acidity in the curd which inhibited the growth of proteolytic 
bacteria.   
    Bilal (2000), Nuser (2001) and Ceylan et al. (2003) reported that the  
decreasing of protein contents during pickling was a direct result of protein 
degradation leading to the formation of water soluble compounds some of 
which were lost in the pickling solution leading to increase in the nitrogen 
content of whey.  
Abdalla (1992) and Nuser (2001) found the fat content in cheese curd 
decreased over time due to the leakage of some fat curd into the brine solution. 
El Owni and Hamid (2008) reported that the ash content of Sudanese white soft 
cheese increased during storage period. The increase in ash content during 
pickling may be due to the decrease in moisture content.  Abdalla (1992) and 
Bilal (2000) found that the ash contents of the cheese stored at the refrigerator 
temperature were higher than those stored at room temperature. Zaki et al., 
(1974), Nofal et al. (1981) and Tayar (1995) justified that the absorption of salt 
by the curd at the low storage temperature. Also SSMO (2002) stated 6.8% salt. 
Alla Gabo (1986) and Ali (1987) 6.2% for curd salt percentage.  
    Hamid and El Owni (2007) and Nofal et al. (1981) reported that the higher 
acidity of the cheese stored at room temperature might be attributed to increase 
level of lactic acid due to activation of lactic acid bacteria by room temperature, 
while the low acidity of the cheese stored at refrigerator might be explained by 
the fact that low temperature inhibited growth and activity of lactic acid bacteria 
consequently lowering the rate of acid development. The average acidity of 
cheese samples was 1.08% with a range changing from 0.36 to 1.80% (Hamid 
and El Owni, 2007 and Nofal et al. 1981). 
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   The variations among chemical composition and acidity of the cheese samples 
between different producers might be due to the lack of production process and 
to the variation in composition and properties of milk (Ceylan et al., 2003).  
2-7-2 Chemical composition of Queso Blanco–Latin American white 
cheese:  
     Salama et al., (1983), Collombo et al., (1992) and Walstra et al., (1999) 
explained that  increase in total solids content of the cheese stored at refrigerator 
temperature might be due to inhibition of proteolytic and lipolytic activities of 
microorganisms by low storage temperature 
       Siagpantas and Kosikowski (1967) reported that the average composition of 
Latin American white cheese is 50% moisture, 24.9 % total proteins and 19% 
fat. Davis (1976) reported that the moisture in fresh cheese ranges from 40 to 
44% and is sold within a week. The drier cheese has 35 to 39% moisture and is 
left to mature. Sometimes it is stored in dry salt. The hard cheese has 27 to 32% 
moisture. In comparison with Cheddar cheese, Latin American white cheese 
possesses 25% fewer calories with comparable protein. However, Ca, P and Mg 
content in the white cheese is 33 to 50% lower than in Cheddar cheese 
(Chandan et al., 1979). Wong (1974) explained that curd made with rennet traps 
most of the fat and insoluble salts of the milk, whereas in the curd formed by 
acid precipitation the insoluble salts are rendered soluble by the acid and are lost 
largely in the whey. Since about one-fourth of the phosphorus is held in organic 
combination and since the calcium becomes soluble more rapidly than the 
phosphorus and other ash components, the ratio of Ca to P, as well as the 
percentage of calcium is comparatively low in Latin American white type 
cheese made under conditions of high acidity. Ricotta, Impastation, and Latin 
American white cheeses contain both the casein and majority of the whey 
protein fractions of milk (Kosikowski, 1977).  
     Abdel Razig and Babiker (2009) stated that protein content of the cheese 
made by the lemon juice recorded the highest value (22.91%) and was 
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significantly higher (p= 0.05) than both values for orange juice (22.10%) and the 
grapefruit juice (21.51%).  
 Makki (1987) showed that the protein content of the Queso Blanco cheese 
made under Sudan conditions ranged between 23.6-25.6%. 
Abdel Razig and Babiker (2009) found that the white soft cheese made by 
the lemon juice gave the highest total solids (53.32 %) followed by orange juice 
(51.70 %) and the lowest total solids were recorded by grapefruit juice 
(49.48%).                                                                                                        
  Abdel Razig (1996) and Chandan et al. (1979) found that the fat content 
of Latin American white cheese ranged between 21-22%. 
   Abdalla (1992)   and Nuser (2001) studied the effect of storage period on 
chemical and sensory characteristics of white cheese made from pasteurized 
milk. Results showed that fat, protein and total solids content decreased with 
advancement of storage period, while ash content and titratable acidity 
increased throughout storage period. Sensory evaluation indicated that colour 
and body of cheese did not significantly change during storage period, while 
flavor, taste, saltiness and overall acceptability gradually improved throughout 
the storage period. El Owni and Hamid (2007) studied twenty four Sudanese 
Gibna Bayda samples manufactured in Zalingei area, western Sudan. The result 
showed that Gibna Bayda contained 45.17- 58.17% total solids, 19.27-23.83% 
fat, 19.70-29.73%, TN, 0.26-1.28%, 1.87-7.80% ash, 0.36-1.80% titratable 
acidity. 
 According to Warsama et al., (2006) Sudanese white cheese contains 
47.8% total solids, 14.0% fat, 15.9% protein, and 6.2 % ash. 
     Sudanese white cheese made with 6% salt had higher total solids, crude 
protein and fat content (Hamid et al., 2008). 
   Alalade and Adeneye (2006) found 70.75% moisture, 39.00% fat, 
37.08% protein, 2.53 % ash, 29.25 % total solids in Wara cheese stored at room 
temperature. 
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Chapter Three 
Materials and Methods 
3.1 Materials 
       Three batches of lime acid cheese and grapefruit acid cheese were made. 
   The experimental procedures were done in the dairy processing unit of 
the Department of Dairy Production. University of Khartoum, during the period 
September 2010 – December 2010.  
3.1.1 Source of milk: 
     Fresh raw whole-cow’s milk (20 liters) was obtained from the farm of 
College of Animal Production Science and Technology-Sudan University. 
3.1.2 Source of Lime and Grapefruit: 
    Lime (Citrus aurantifolia) of 3.2 pH and Grapefruit (Citrus paradisi) of  
3.7 pH were purchased from Khartoum Fruit central Market and then juices 
were prepared by mechanical pressing of  two dozen of grapefruit and three 
dozen of lime . 
3.1.3 Graduated measuring cylinder: This was used to measure the required 
lime and grape juices in ml. 
3.1.4 Cloth filter: This cloth filter was used to filter lime and grape juices and 
salt. 
 3.1.5 Salt: White fine table salt was purchased from local market. 
      Lime and grapefruit juices are the organic acids used as coagulation 
agent for the manufacturing of cheese.  
  3-2 Cheese manufacture: 
Fresh raw cow’s milk (20 liters) was heated to 82ºC for 30 minutes, then 
salt was added at a rate of 4% and lime juice solution pH 3.2  (50% lime juice+ 
50%  distilled water) was added at the rate of 5%, and grapefruit juice pH 3.7  
was added at a rate of 10%, then the mixture was left until complete coagulation 
occurred (about 15 seconds), then the curd of each treatment was transferred to 
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a mould lined with cheese cloth and pressed over night(700 gm /pressing) , it 
was removed from the mould and cut into square cubes of 100 gm each, then 
the cheeses were packed into polyethylene bags 100 gm in each, and stored at 
5ºC for a month.  
3.3 Chemical analysis:  
The analysis was carried out weekly for four weeks. 
3.3.1. Titratable acidity of the cheese 
        Titratable acidity was determined according to AOAC (1990). For 
titration, 10 grams of each cheese type were weighed and placed in conical 
flask. Distilled water at 40°C was added to the sample until the volume of the 
content in the flask rose to 105 ml. The flask was vigorously agitated and 
filtered through Whatman filter paper No. 43. Twenty five ml of the filtrate was 
pipetted in a 75 ml beaker. Five drops of phenolphthalein indicator were added 
to the filtrate and titrated against 0.1 NaOH, till a faint pink color that lasted for 
30 seconds was obtained. The titratable acidity was then calculated as follows: 
    Acidity = T×4 
                    W   
Where: 
 T = titration figure 
W = weight of samples 
3.3.2. Total solids content: 
     Total solids content of milk and cheese samples were determined 
according to AOAC (1990). For the determination two grams of cheese, 5 ml of 
milk were weighed into pairs of clean dried pre-weighted dishes, each sample in 
duplicate. The weight of each sample and dish was recorded. The dishes were 
put in an air oven at 100ºC for three hours, then placed in adessicator to cool for 
30 minutes and weighed. Heating, cooling and weighing were repeated several 
times until the difference between weighing were less than 0.5 mg. Then total 
solids content of each of the samples was calculated as follows: 
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Total solids = W1 ×100 
                       W0                                   
  Where:  
W1 = weight of sample after drying 
 W0 = weight of sample before drying  
3.3.3 Protein contents: 
  The protein content were determined according to AOAC (1990) using 
Kjeldahl method. For the determination three empty and dried porcelain dishes 
were weighed. Three grams of cheese and 10 ml of milk samples were weighed 
each separately then transferred to Kjeldahl flask. Twenty five ml of 
concentrated sulfuric acid nitrogen free (1.86 density) were added to each of 
cheese followed by two Kjeldahl tablets, then digested on a heater until clean 
solutions were obtained. The flasks were removed and left to coal. Each 
digested sample were diluted with distilled water to 100 ml and allowed to cool. 
Five ml of each diluted sample was transferred to distillatory followed by 10 ml 
of 40% NaOH. The distillate of each of the samples was received in conical 
flask of 100 ml capacity containing 25 ml of 2% boric acid and three drops of 
bromocresol green plus methyl red indicator, then the distillation continued 
until the volume in the flask reached 75 ml. the flask were removed then titrated 
against 0.1 N HCl until the end points were reached (red color), the protein 
contents were then calculated as follows: 
Nitrogen % =       T×20×0.1 î 0.014   î 100   
                         Weight of the sample 
Protein % =   Nitrogen% × 6.38 
Where: 
           T = titration figure. 
 0.1 = Normality of HCL. 
0.014= the atomic weight of nitrogen/ 100. 
   20 = Dilution factor. 
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 3.3.4.   Determination of ash content 
Ash content of cheese samples were determined according to AOAC 
(1990). Two grams of cheese were weighed and placed in clean dry pre- 
weighed crucibles, each separately. The containers were put on a steam bath for 
30 minutes and placed in muffle furnace at 550ºC for 1½ hours. They were 
removed, placed in desiccators and left to cool, re- weighed and the ash content 
of each of treatments was determined as follows: 
Ash%   =   Weight of ash ×100 
                   Weight of sample  
3.3.5. Determination of fat content: 
 Fat content of cheese samples were determined according to AOAC 
(1990). Ten ml of H2SO4 of 1.815 gm/ml at 20ºC were added to each of the two 
Gerber tubes and three grams of ground cheese were added to each of the two 
tubes. To each tube, 1 ml of amyl alcohol was added. The content of the two 
tubes were mixed thoroughly till no white particles were seen in them. They 
were centrifuged at 1100 rpm for 5 minutes and transferred to a water bath at 
63°C for 3 minutes. Direct readings of fat content were recorded from the tubes. 
3.4. Sensory evaluation: 
The quality of  the cheese samples stored under different conditions were 
judged by 10 untrained panelists, five boys and five girls, for color, flavor, 
texture, odor and taste using sensory evaluation sheet (Appendix 1).  
 3.5. Statistical analysis: 
 The SPSS program, version 10 was used. General linear models were used 
to estimate the effect of storage periods on the chemical composition of white 
cheese. Least Significance Difference (LSD) was used for mean separation 
between the treatments.   
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                                        Chapter Four 
                                              Results 
     The experiments were carried out on; Lime (Citrus aurantifolia) cheese and 
grapefruit (Citrus paradisi) cheese; kept in refrigerator and whey to assess the 
chemical composition and the difference between the two preservation methods.  
Cheese yield: The average yield of acid white soft cheese was affected by the 
kind of acidulant. The average yield of cheese made by lime juice (15%) was 
lower than the average yield of grapefruit cheese made by grapefruit juice 
(17%). This might be due to the high volume used in case of using grapefruit 
juice.  
Chemical composition: 
      Table (1), Appendix (2) show the main effects of preservation method on 
chemical composition of acid cheeses. Fat, protein, total solids, ash and 
titratable acidity content of lime cheese.   
Fat content 
     The fat  content of lime cheese storage in refrigerator (15.25±4.14%)  
showed highly significant value affected by storage (Table 1), Appendix (2)  
Similarly the fat content of lime cheese stored in whey  at room temperature 
(14.58± 3.68%), showed high  significantly  value (P= 0.001) moreover the fat 
content of grapefruit cheese storage in refrigerator(11.67±3.92%)  showed 
highly significant value affected by storage than fat content of lime cheese 
stored in whey at room temperature and refrigerator for different storage periods 
showed non significant difference compared to that of grapefruit cheese stored 
in whey at room temperature and refrigerator. (Table 1), Appendix (2).   
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Protein content 
     The protein content of lime cheese (Table 1), Appendix (2) stored in 
refrigerator (19.45±3.06%), and whey at room temperature (16.28±1.29%) was 
higher than protein content of grapefruit cheese (17.03±2.83, 13.76±3.15 
respectively).  
Total solids content 
      Total solids content of lime cheese (53.55േͳͳǤʹͷΨ) stored in whey at room 
temperature were higher than total solids of grapefruit cheese (36.85േͻǤͲͻΨ) 
stored in whey. However the total solids of grapefruit cheese stored in 
refrigerator showed higher values (Table 1), Appendix (2). 
Ash content 
      Ash content of lime cheese stored in whey at room temperature was 
ͲǤ͸ͶേͲǤͶ͵Ψ, while ash content of grapefruit cheese stored in refrigerator was 
0.42േͲǤ͵ʹ Ψ  (Table 1), Appendix (2).   
Acidity   
Acidity of lime cheese stored in whey at room temperature and refrigerator 
were ͳǤͲͻേͲǤʹ͸% and 0.25± 0.05 % respectively, the acidity content of 
grapefruit cheese stored in whey at room temperature and refrigerator were 
0.89± 0.19 % and 0.41± 0.33 % respectively. (Table 1), Appendix (2).   
    There was non significant difference in fat content of lime cheese and grape 
fruit cheese preserved in refrigerator from week one to week four (P=  0.05) 
compared with those stored in whey.  
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Table (1): Effect of preservation method on chemical composition 
Mean± SD of lime (Citrus aurantifolia) and grapefruit (Citrus paradisi) white 
cheese (Gibna bayda)  
 
**: Significant level at (p= 0.01) 
***:   Significant level at (p= 0.001) 
 
 
 
 
 
 
 
 
 
Measurements 
 
Lime cheese 
 
Grapefruit cheese 
 
 
Whey/room 
 
Refrigerator 
 
Whey/room 
 
Refrigerator 
 
      L.S 
 
Fat (%) 
 
14.58±3.68 
 
15.25±4.14 
 
10.50±3.21 
 
11.67±3.92 
 
     ** 
 
Protein (%) 
 
16.28±1.29 
 
19.45±3.06 
 
13.76±3.15 
 
17.03±2.83 
 
     *** 
 
Total solids (%) 
 
53.55±11.25 
 
44.32±1.60 
 
36.85±9.09 
 
57.87±9.59 
 
     *** 
 
Ash (%) 
 
0.64±0.43 
 
0.50±0.01 
 
0.42±0.32 
 
0.74±0.32 
 
      *** 
 
Acidity (%) 
 
1.09±0.26 
 
0.25±0.05 
 
0.89±0.19 
 
 
0.41±0.33 
 
      *** 
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Table (2): Effect of preservation method and storage period (week) on fat 
content of white cheese (Gibna bayda) made by lime (Citrus aurantifolia) 
and grapefruit (Citrus paradisi) juices  
Measurements Lime cheese Grapefruit cheese L.S 
preservation method 
 
Periods  (Week) 
 
Whey/room 
 
Refrigerator 
 
Whey/room 
 
Refrigerator 
 
    
 
1 
 
15.0 ±4.36 
 
15.00±5.20 
 
12.33±4.93 
 
12.67±4.62 
 
*** 
 
2 
 
14.67±4.62 
 
16.00±5.20 
 
10.67±2.89 
 
13.33 ± 4.04 
 
*** 
 
3 
 
14.67±4.62 
 
15.67± 4.62 
 
8.33±3.21 
 
9.33± 4.04 
 
*** 
 
4 
 
14.00± 3.46 
 
14.33±4.04 
 
10.67±1.16 
 
11.3 ± 0.04 
 
*** 
 
 
***:   Significant level at (p= 0.001) 
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Protein content of lime cheese samples stored in whey at room temperature 
decreased significantly (P=  0.001); from 18.13 ± 0.91% at week one to 16.30± 
0.35% at week four (Table 3), Appendix (3). However the protein content of the 
same cheese stored in the refrigerator increased to19.40±0.30% at week one to 
24.20±0.69% at week four. It was also decreased significantly (P=  0.001) in 
grapefruit cheese stored in whey at room temperature from 17.07±0.32% at 
week one to 16.30±0.35% at week four. Those samples kept in the refrigerator 
increased from 15.97±0.23% at week one to 21.67± 0.58% at week four (Table 
3, Appendix 4).   
The protein content of grapefruit cheese stored for one week in the 
refrigerator decreased from 15.97 ± 0.23 % to 15.00 ±0.00% at week three, 
compared with week four 21.67 ±0.58 %. The protein content of lime cheese 
17.07±0.32 preserved in whey for one week decreased significantly (P=  0.001)  
to 10.10 ± 0.00 % in week two, however it increased from 11.57± 1.03 % at 
week three to  16.30 ± 0.35 % at week four (Table 3) . 
     The protein content of lime cheese stored in the refrigerator and whey was 
higher than those of grapefruit cheese stored in the same conditions. 
    Total solids (TS) content of the lime cheese samples stored in whey at room 
temperature increased significantly (P= 0.001) from 45.51±1.31% at week one to 
66.94±1.48% at week four. Then it was also increased significantly (P= 0.001) in 
lime cheese preserved in the refrigerator from 42.77±1.90% at week one to 
43.79±1.64% at week four.  However the TS decreased significantly (P= 0.001) 
in grapefruit cheese stored in whey at room temperature 48.01±1.29% at week 
one compared to week four 30.63±0.87%. Similarly the TS decreased 
significantly (P= 0.001) in cheese stored in the refrigerator from 55.12±0.72% at 
week one to 30.63±0.87% at week four (Table 4), Appendix (5). 
Table (5), (Appendix (6) shows the effect of preservation method and 
storage period on ash content of white cheese made by lime and grapefruit 
juices.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Ϯϲ 
 
Table (3): Effect of preservation method and storage period (week) on 
protein content of white cheese (Gibna bayda) made by lime (Citrus 
aurantifolia) and grapefruit (Citrus paradisi) juices 
   Measurement Lime cheese Grapefruit cheese L.S 
Preservation method 
 
Period (Week) 
 
Whey/Room 
 
Refrigerator 
 
Whey/Room 
 
Refrigerator 
 
 
 
1 
 
18.13 ± 0.91 
 
19.40 ± 0.30 
 
17.07±0.32 
 
15.97± 0.23 
 
*** 
 
2 
 
15.00 ±0.00 
 
16.90 ±0.69 
 
10.10 ± 0.00 
 
15.00±0.00 
 
*** 
 
3 
 
15.70 ±0.35 
 
17.30 ± 0.00 
 
11.57 ± 1.03 
 
15.00±0.00 
 
*** 
 
4 
 
16.30 ±0.35 
 
24.20 ± 0.69 
 
16.30 ± 0.35 
 
21.67±0.58 
 
*** 
 
***:   Significant level at (p= 0.001) 
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Table (4): Effect of preservation method and storage period (week) on total 
solid content of white cheese (Gibna bayda) made by lime (Citrus 
aurantifolia) and grapefruit (Citrus paradisi) juices                                                                                          
Measurement Lime cheese Grapefruit cheese L.S 
Preservation method 
 
Period  (Week) 
 
Whey/Room 
 
Refrigerator 
 
Whey/Room 
 
Refrigerator 
 
 
 
1 
 
45.51±1.31 
 
42.77± 1.90 
 
48.01±1.29 
 
55.12± 0.72 
 
*** 
 
2 
 
40.91±1.80 
 
45.58 ±0.31 
 
42.24± 1.59 
 
49.13 ± 1.24 
 
*** 
 
3 
 
60.86±1.84 
 
45.16 ±0.53 
 
26.51± 1.05 
 
53.96± 0.28 
 
*** 
 
4 
 
66.94 ±1.48 
 
43.79 ±1.64 
 
30.63±0.87 
 
30.63± 0.87 
 
*** 
 
***:   Significant level at (p= 0.001) 
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Ash content of lime cheese samples stored in whey at room temperature 
(1.10±0.26%) was significantly (P= 0.001) higher than those of lime cheese 
stored in the refrigerator (0.05±0.01%). Also the ash content of grapefruit 
cheese stored in the refrigerator (1.20±0.10) was significantly (p= 0.001) higher 
than those of cheese stored in whey at room temperature (0.47±0.55). 
      Ash content of grapefruit cheese is higher than those of lime cheese. The ash 
contents of lime cheese samples stored in whey at room temperature increased 
from 0.50±0.00% at week one to 1.10±0.26% at week four. Then they were 
constant in cheese stored in refrigerator during storage period. Also the ash 
content of grapefruit cheese samples stored in whey at room temperature were 
decreased from 0.57±0.06% at week one to 0.47±0.55% at week four. The 
grapefruit cheese stored at the refrigerator showed ash content of 0.63±0.25%, 
0.43± 0.06 %, 0.70±0.00% and 1.20±0.10% from week one to week four (Table 
5, Appendix 6). 
Table (6) Appendix (7) showed the effect of preservation method and 
storage period (week) on acidity level of white cheese made by lime and 
grapefruit juices. 
Acidity of lime cheese stored in whey increased significantly (P= 0.001)    
from 0.80±0.00 % at week one to 1.47±0.12% at week four. The acidity of lime 
cheese stored in refrigerator increased from 0.20±0.00% at week one to 
0.30±0.00% at week four. Also the acidity of grapefruit cheese stored in whey 
and refrigerator were increased with the increase of storage period. It revealed 
0.90±0.00% at week one and 1.00±0.00% at week four for cheese stored in 
whey, it revealed 0.20±0.00% at week one and 0.37±0.06% at week four for 
cheese stored in refrigerator (Table 6, Appendix 7).  
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  Table (5): Effect of preservation method and storage period (week) on ash 
content of white cheese (Gibna bayda) made by lime (Citrus aurantifolia) 
and grapefruit (Citrus paradisi) juices 
   Measurement            Lime cheese   Grapefruit cheese  
Preservation method 
 
Periods  (Week) 
 
Whey/Room 
 
Refrigerator 
 
Whey/Room 
 
Refrigerator 
 
L.S 
 
1 
 
0.50 ±0.00 
 
0.05± 0.01 
 
0.57±0.06 
 
0.63± 0.25 
 
*** 
 
2 
 
0.70±0.01 
 
0.03 ±0.31 
 
0.57±0.06 
 
0.43 ± 0.06 
 
*** 
 
3 
 
0.90 ±0.00 
 
0.05± 0.01 
 
0.07±0.03 
 
0.70 ± 0.00 
 
*** 
 
4 
 
1.10 ±0.26 
 
0.05± 0.01 
 
0.47±0.55 
 
1.20 ± 0.10 
 
*** 
 
***:   Significant level at (p= 0.001) 
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Effect of storage period on sensory characteristics of white cheese made by 
Lime juices. 
     Table (7) presents the effect of storage period on sensory characteristics of  
lime cheese during storage in refrigerator and whey. The storage period affected 
significantly (p= 0.001) the color score of lime cheese stored in the refrigerator 
and whey at room temperature. The highest value (3.7±0.48) was obtained at 
week four and the lowest (3.0±0.82) was obtained at week one. Also the color 
score of lime cheese preserved in whey showed significant (p= 0.001) variations. 
The highest value (3.1±0.99) was obtained at week one and the lowest value 
(2.5± 0.97) was obtained at week two.  
The flavor score of lime cheese stored in refrigerator was significantly 
(P= 0.001) affected by storage period. The highest flavor score of lime cheese 
(2.6±0.84) was found at week one and the lowest ( 2.4±0.52) was reported at 
week four, also the flavor of lime cheese stored in whey was significantly 
(P= 0.001) high. The highest value (2.9±0.88) was obtained at week one and the 
lowest value (2.5±0. 85) was found at week four. (Table7). 
The taste score of lime cheese stored in refrigerator was significantly 
(P= 0.001) affected by storage period. The taste score of the cheese decreased 
from 2.2±0.92 at week one to 1.4±0.52 at week four. Also the taste of lime 
cheese stored in whey was significantly (P= 0.001) affected by storage. The 
highest value (2.7±0.82) was obtained at week one and the lowest value 
(2.4±0.84) was obtained at week four. 
The texture score of lime cheese samples was significantly (p= 0.001) 
affected by storage period. The high texture score of lime cheese (2.0±0.94) was 
obtained at week one and the lower (1.8±1.03) at week four. Also the texture 
score of lime cheese stored in whey was significantly (p= 0.001) variable. The 
score lowest value (2.1±0.88) was found at week one and highest value 
(2.2±0.79) was obtained at week four. 
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Table (6): Effect of preservation method and storage period (week) on 
acidity of white cheese (Gibna bayda) made by lime (Citrus aurantifolia) 
and grapefruit (Citrus paradisi) juices 
Treatment Lime cheese Grapefruit cheese  
L.S 
Preservation method 
 
Period  (Week) 
 
Whey/Room 
 
Refrigerator 
 
Whey/Room 
 
Refrigerator 
 
 
1  
0.80 ±0.00 
 
0.20± 0.00 
 
0.90± 0.00 
 
0.20± 0.00 
 
*** 
2  
1.10±0.00 
 
0.23 ±0.06 
 
1.07±0.06 
 
0.83 ± 0.46 
 
*** 
3  
1.00 ±0.00 
 
0.27± 0.06 
 
0.60±0.00 
 
0.23 ± 0.06 
 
*** 
4  
1.47 ±0.12 
 
0.30± 0.00 
 
1.00±0.00 
 
0.37 ± 0.06 
 
*** 
 
***:   Significant level at (p= 0.001) 
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  The saltiness of the lime cheese was significantly (P= 0.001) affected by 
storage period. The saltiness of the cheese was improved as storage period 
progressed. The lowest saltiness score (1.6±0.70) was recorded at week one of 
storage and then decreased to 1.3±0.95 at week four. Also the saltiness of lime 
cheese stored in whey was significantly high (p= 0.001). The highest value 
(2.1±0.99) was obtained at week one and the lowest value (1.1±0.32) was 
obtained at week four. 
The overall acceptability of the lime cheese stored in the refrigerator was 
significantly (P= 0.001) affected by storage period. The overall acceptability of 
the cheese was variable as storage period progressed. The highest score 
(3.5±0.71) was recorded at week one and the lower score (2.8±0.92) was found 
at week four. Moreover the overall acceptability of lime cheese stored in whey 
was significantly (p= 0.001) high. The highest value (3.5±0.71) was obtained at 
week one and decreased to 2.2±1.03 at week four.  
The storage period affected the colour of grapefruit cheese stored both at 
the refrigerator and whey significantly (P=  0.001). The colour score was 
3.2±0.042 at week three of storage for cheese sample stored at refrigerator and 
the lowest score was found at week two (2.8±0.70). The colour of lime cheese 
stored in whey at room temperature was almost constant.  
The colour score of grapefruit cheese stored at refrigerator was high at 
week three (3.2±0.42) and it was lowest at week two (2.8±0.79). The cheese 
samples were spoiled at week four of storage both at refrigerator and whey at 
room temperature (Table 8).  
The flavor score of grapefruit cheese stored both in refrigerator and whey 
were significantly (P=  0.001) low. The flavor score of grapefruit cheese was 
highest (1.9± 0.74) at week one. The flavor score of the grapefruit cheese stored 
in whey was higher than that of cheese stored in refrigerator.  
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Table (7) Effect of storage period on sensory characteristics of white 
cheese (Gibna bayda) made by Lime (Citrus aurantifolia) juice 
 
Type of 
coagulant 
Measurements 
Storage 
period 
(week) 
 
Colour 
 
Flavor 
 
Taste 
 
Texture 
 
Saltiness 
Overall 
acceptability 
 
Lime 
refrigerator 
 
1 
 
3.0±0.82 
 
2.6±0.84 
 
2.2±0.92 
 
2.0±0.94 
 
1.6±0.70 
 
3.5±0.71 
 
2 
 
3.1±1.1 
 
2.5±0.97 
 
2.5±0.71 
 
3.2±0.92 
 
1.7±0.67 
 
2.8±1.03 
 
3 
 
3.1±0.57 
 
2.4±0.52 
 
2.7±0.67 
 
1.9±0.88 
 
2.3±0.82 
 
2.9±0.88 
 
4 
 
3.7±0.48 
 
2.4±0.52 
 
1.4±0.52 
 
1.8±1.03 
 
1.3±0.95 
 
2.8±0.92 
 
Lime 
whey/Room 
 
1 
 
3.1±0.99 
 
2.9±0.88 
 
2.7±0.82 
 
2.1±0.88 
 
2.1±0.99 
 
3.5±0.71 
 
2 
 
2.5±0.97 
 
2.0±0.94 
 
2.9±0.57 
 
2.4±0.84 
 
2.0±0.94 
 
2.4±1.1 
 
3 
 
3.3±0.82 
 
2.7±0.67 
 
2.5±0.71 
 
2.5±0.53 
 
1.8±0.63 
 
3.3±0.67 
 
4 
 
3.1±0.52 
 
2.5±0.85 
 
2.4±0.84 
 
2.2±0.79 
 
1.1±0.32 
 
2.2±1.03 
 
        LS 
  
    *** 
 
*** 
 
*** 
 
      *** 
 
     *** 
 
*** 
 
***:  significant at p= 0.001 
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Table (8) Effect of storage period on sensory characteristics of white 
cheese (Gibna bayda) made by Grapefruit (Citrus paradisi) juice 
 
Typeof 
coagulant 
Measurements 
Storage 
period 
(week) 
 
Colour 
 
Flavor 
 
Taste 
 
Texture 
 
Saltiness 
Overall 
acceptability 
 
Grapefruit 
refrigerator 
 
1 
 
2.9±0.99 
 
1.9±0.74 
 
2.4±1.07 
 
2.6±0.70 
 
2.5±0.85 
 
3.0±0.82 
 
2 
 
2.8±0.79 
 
1.5±0.71 
 
1.6±0.84 
 
1.7±0.67 
 
2.3±0.67 
 
3.4±0.52 
 
3 
 
3.2±0.42 
 
1.9±0.74 
 
2.5±0.53 
 
3.0±0.00 
 
2.5±0.53 
 
3.3±0.67 
 
          4 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
Grapefruit 
whey/Room 
 
1 
 
3.1±0.99 
 
3.1±0.74 
 
2.9±0.74 
 
2.1±0.57 
 
1.8±0.63 
 
3.3±0.82 
 
2 
 
3.3±0.67 
 
2.2±1.03 
 
1.9±0.57 
 
2.7±0.95 
 
1.5±0.71 
 
3.3±0.82 
 
3 
 
3.4±0.52 
 
2.5±0.71 
 
2.6±0.70 
 
1.9±0.57 
 
1.9±0.74 
 
3.5±0.53 
 
4 
 
- 
 
- 
 
- 
 
- 
 
- 
 
- 
 
       LS 
  
     *** 
 
     *** 
 
      *** 
 
        *** 
 
       *** 
 
       *** 
 
***:  significant at p= 0.001 
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The taste score of the grapefruit cheese samples stored in the refrigerator 
and whey were low. Moreover the taste score of grapefruit cheese stored in 
whey was significantly (P= 0.001) affected by storage. The highest value 
(2.9±0.74) was obtained at week one and the lowest value (2.6±0.70) was 
recorded at week three. Similarly the flavor recorded the highest value 
(3.1±0.74) was obtained at week one and the lowest value (2.5±0.71) were 
obtained at week three (Table8). 
    The texture score of grapefruit cheese samples stored in the refrigerator was 
significantly (p= 0.001) affected by storage period. The high texture score of 
grapefruit cheese 2.6±0.70 was obtained at week one and the lowest score 
1.7±0.67 was obtained at week two. Similarly the highest score 2.7±0.95 was 
found at week two and the lowest 1.9±0.57 was obtained at week three 
(Table8).  
The score for saltiness of the grapefruit cheese stored in the refrigerator 
was significant (p= 0.001) affected by storage period. The saltiness of the cheese 
was improved as storage period progressed. The highest saltiness score 2.5±0.85 
was recorded at week one of storage, it decreased to 2.3±0.67 at week two, and 
then increased to 2.5±0.53 at week three. The saltiness score of grapefruit 
cheese stored in whey was 1.8±0.63 at week one, and then increased to 1.9±0.74 
at week three. 
The overall acceptability score of grapefruit cheese in the refrigerator 
showed a significant (P= 0.001) variation due to storage period. The overall 
acceptability of the cheese improved as storage period progressed. The lowest 
acceptability score (3.0±0.82 and 3.3±0.82) was recorded at week one of storage 
for refrigerated and room cheeses, respectively.    
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                                     Chapter Five 
                           Discussion 
  The fat content of the lime cheese and grapefruit cheese samples stored in 
refrigerator were high, while the fat contents of the same cheese stored in whey 
at room temperature were low. Generally fat content of lime cheese was higher 
than fat content of grapefruit cheese. Hofi et al. (1976), Nofal et al. (1981) and 
Abdel Razig (1996) reported that the high fat content of the cheese samples 
stored at room temperature could be attributed to the loss of degradation 
products in the pickling whey. This finding is lower than those of Babiker 
(1987) and Kosikowski (1967). However the present result is in the range stated 
by SSMO (2002) that cheese fat content should be between 15-20 %. 
 Generally protein content of lime cheese was higher than protein content 
of grapefruit cheese; this is explained by the low TS and high moisture content 
of the grapefruit cheese, this result agrees with Abdel Razig and Babiker (2009) 
who found that the protein content of Quso Blanco lime cheese is higher than 
that of grapefruit cheese. 
The lower protein content of lime cheese and grapefruit cheese were found 
for samples stored in whey at room temperature, while the higher protein 
content was found for cheese samples stored in the refrigerator. This may be 
due to inhibition of proteolytic activities of microorganisms in low storage 
temperature Abdel Razig and Babiker (2009), Hamid (1998) and Nofal et al., 
(1981) claimed that the increase in the crude protein content of the cheese stored 
at room temperature could be due to low moisture content and high acidity in 
the curd which inhibited the growth of proteolytic bacteria. The low crude 
protein content of the samples stored in the refrigerator was possibly attributed 
to absorption of high level of moisture by the curd. (Zaki et al. 1974). This 
result agrees with Alla Gabo (1986), Makki (1987), SSMO (2002) and 
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Kosikowski (1967) who reported  22.6%, 23.6-25.6%,15% (as lowest limit), 
and 24.9% respectively. 
     The total solids content of the grapefruit cheese was higher than lime cheese. 
This result disagreed with Abdel Razig and Babiker (2009) who found that total 
solids content of lime cheese is higher than that of grapefruit cheese. The 
present finding agreed with El Owni and Hamid (2008) who found that the total 
solids increase with time, it also agreed with Alla Gabo (1986) who reported 
38.85% total solids. However it disagrees with Nuser (2001) who found that the 
total solids decrease with time due to proteolytic and lipolytic effect of 
microorganisms.   
  Referring to appendix (3), it was found that high total solids content was 
in the grapefruit cheese stored in refrigerator, while the low total solids content 
was in the grapefruit cheese stored in whey at room temperature. This study 
agreed with Salama et al., (1983); Collombo (1992) and Walstra et al. (1999) 
who explained the increase in total solids content of the cheese stored in 
refrigerator might be due to inhibition of proteolytic and lipolytic activities of 
microorganisms by low storage temperature. Nuser (2001) and Hayaloglou et 
al. (2005) found that total solids decrease during storage period due to 
proteolytic and lipolytic effect of microorganisms on proteins and dissolution of 
fats into pickling. This result of the lime cheese and grapefruit cheese matches 
with that found by the Salama et al., (1983); Colombo et al. (1992) and Walstra 
et al. (1999). During the storage period total solids content of the cheese was 
increasing at room temperature, which were higher that probably might be due 
to low moisture content as a result of high acidity of the cheese. The result also 
agreed with that recorded by Abdel Razig and Babiker (2009) and El Owni and 
Hamid (2008) who found that the total solids of Sudanese white soft cheese 
increased during storage period. The variations during storage period in the 
grapefruit cheese stored in whey at room temperature, Table (4) showed the 
decrease in total solids of cheese. This was attributed to continuous loss of 
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moisture. Nuser (2001); Aly and Galal (2002) and Hayaloglou et al. (2005) 
attributed the total solids decrease during the storage period could be due to 
proteolytic and lipolytic effect of microorganisms on proteins and dissolution of 
fats into pickling 
     The ash content of the lime cheese samples stored in whey at room 
temperature was found to increase during storage period. However the ash was 
stable in cheese stored in refrigerator. This agreed with El Owni and hamid 
(2008) who reported that ash content increases during storage period due to 
decrease in moisture content.  
     In this study the ash content of lime cheese was higher in cheese stored in 
whey at room temperature, while ash content was lower in cheese stored in 
refrigerator. This finding disagreed with Abdalla (1992) and Bilal (2000) who 
found that the ash content of the cheese stored in refrigerator were higher than 
those stored in room temperature. Zaki et al. (1974); Nofal et al. (1981) and 
Tayar (1995) justified that the absorption of salt by the curd at the low storage 
temperature. Although results of ash content of grapefruit cheese stored in 
refrigerator agreed with Abdalla (1992) and Bilal (2000). The result obtained is 
lower than that of Alla Gabo (1986); Ali (1987) who reported 5.2% and 6.85, 
respectively. On the other, hand the SSMO (2002) stated 5% as the lowest limit.  
 In the current study the higher acidity was obtained for the lime cheese 
and grapefruit cheese stored in whey at room temperature, while the lower 
acidity was in cheese stored in refrigerator. This finding agreed with Hamid and 
El Owni (2007) and Nofal et al. (1981) who showed that the higher acidity of 
the cheese stored at room temperature might be attributed to increase level of 
lactic acid, which could be due to the activation of lactic acid bacteria in room 
temperature. The low acidity of cheese stored in refrigerator might be explained 
by the fact that low temperature inhibited growth and activity of lactic acid 
bacteria, which consequently lower the rate of acid development (El Owni and 
Hamid 2007 and Nofal et al. 1981).  
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    Table (7) and (8) show that panelists preferred white colour of lime cheese to 
grapefruit cheese. Moreover the colour was improved as the storage period 
progressed; this might be due to lipolysis of fat. These results conformed to the 
sensory character number 1428 as given by Sudanese Standards and 
Meteorology Organization (2002). 
The variations  in the taste  score of lime cheese during storage, according 
to the panelists, the most acceptable lime cheese stored in refrigerator was at 
week three, followed by lime cheese at week two; however the least acceptable 
was cheese at week one. 
Good texture was reported for all cheese types. These results conformed to 
the sensory character number 1428 as given by Sudanese Standards and 
Meteorology Organization (2002). 
It was remarkable that texture, taste and flavor score of refrigerated and 
whey lime cheese were high in week one of storage, but these values decreased 
in the fourth week. On the other hand the colour score of refrigerated and whey 
lime cheese was found low in week one and high in week four of storage. 
        Texture, taste, colour and overall acceptability scores of refrigerated 
grapefruit cheese had changing values through out storage period, whilst the 
flavor and saltiness of refrigerator grapefruit cheese changed through out 
storage period. Moreover saltiness, colour and overall acceptability scores of 
whey grapefruit cheese increased with the progress of storage time, whilst the 
values of texture and flavor scores of the same cheese decreased with the 
progress of storage time. Furthermore, contamination of refrigerated and whey 
grapefruit cheese was observed at week four.  
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Conclusions and Recommendations 
 
Conclusion: 
It was noticed from the results of both sensory and chemical composition 
that the lime cheese was better than grapefruit cheese; quick milk coagulation at 
high temperature (82ºC) inhibited bacterial growth. Using these fruits; the 
produced cheese would be of high quality if processing conditions and handling 
procedures are satisfactorily achieved. 
  The study concluded that the average yield of grapefruit cheese was 
higher than that of lime cheese.  
Recommendations:  
     The following recommendations can be drawn from the results of this 
study:    
1-  The lime (Citrus aurantifolia) and grapefruit (Citrus paradisi)  
can be used to produce soft white cheese in areas where these 
fruit and milk were abundant . 
       2 - Using these methods of cheese making in areas where rennet is               
not available. 
       3- Further studies in microbial load, shelf life and vitamins content of 
this cheese are recommended. 
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Appendix 1                                                  Sensory evaluation sheet for lime and grapefruit cheese 
         Name…………………………………………  
No of sample Colour Flavor Texture Taste Saltiness Overall 
1 
      
2 
      
3 
 
     
4 
      
 
                                     Color                                                    Flavor                            Taste                                Body                                               Saltines                                        Overall acceptability 
                                   1-Not acceptable                                     1- Bland                           1-Absent                           1-Smooth                                       1-Moderate                             1-Not acceptable 
                                   2-Moderately unacceptable                     2-Slightly intense            2- Slightly acid                   2- Slightly                                      2- salted                               2-Moderately unacceptable 
                                   3-Slightly acceptable                               3-Moderately intense       3- Acid                                  3-Harsh                                          3- Over salted                   3-Slightly acceptable 
                             4-Acceptable                                       4-Extremely intense            4-Excessive acid                     4-Pasty                                     4-Too salty                     4-Acceptable                                             
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 Appendix (2): Effect of preservation method on chemical composition of 
(Citrus aurantifolia) and grapefruit 
bayda) preserved in whey and refrigerator
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Appendix (3): Effect of preservation method and storage period (week) on fat 
content of white cheese (Gibna bayda) made by lime (Citrus aurantifolia) and 
grapefruit (Citrus paradisi) juices 
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Appendix (4): Effect of preservation method and storage period (week) on 
protein content of white cheese (Gibna bayda) made by lime (Citrus 
aurantifolia) and grapefruit (Citrus paradisi) juices 
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 Appendix (5): Effect of preservation method and storage period (week) on 
total solid content of white cheese 
aurantifolia
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